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Evolution  of  the  ignition  phase  blast  field  of  a tube  or  silo  launched  rocket 
is  described  in  terms  of  three  distinct  phases  or  steps.  The  first  or  pre- 
cursor phase  is  associated  with  leakage  of  the  high  pressure  gas  (termed  the 
launch  gas)  used  to  eject  the  rocket  from  the  tube.  The  second  phase  occurs 
when  the  bulk  of  the  launch  gas  is  released  as  the  rocket  base  clears  the 
end  of  the  tube.  Both  these  steps  are  analogous  to  their  counterparts  in  the 
muzzle  blast  of  a conventional  gun.  However,  the  third,  and  probably  most 
severe,  phase  in  the  subject  problem  accompanies  ignition  of  the  rocket  motor 
and  initial  production  of  thrust. 


The  present  report  describes  work  performed  on  two  facets  of  the  subject  prob- 
lem. The  first  is  analysis  of  the  internal  gas  flow  during  start  of  the  launch. 
Particular  attention  is  given  to  formation  of  the  salient  characteristics  of 
the  flow  field  which  will  affect  the  precursor  phase  of  the  blast  field.  Re- 
sults of  several  numerical  examples  are  presented  to  illustrate  the  properties 
of  the  internal  flow  field.  The  second  facet  of  the  problem  which  has  been 
studied  Is  the  ignition-phase  blast  field,  per  se.  Initial  development  of  the 
field  is  described  in  terms  cf  cyl Indrical ly  symmetric  and  spherically  symmetric 
approximations.  Numerical  results  are  presented  to  Illustrate  the  qualitative 
character  of  the  initial  inviscid  development  of  the  blast  field;  however  cau- 
tion must  be  exercised  In  quantitative  interpretation  of  the  results  as  the 
model  is  highly  idealized.  The  importance  of  turbulent  mixing  and  buoyant 
transport  of  the  propellant  exhaust  gases  during  the  later  stages  is  pointed 
out. 
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SECTION  I 
INTRODUCTION 


The  presently  considered  Ignition  phase  blast  field  is  associated  with  launch 
of  a rocket  from  a tube  using  compressed  air  or  a gas  generator.  Ignition  of 
the  rocket  motor  is  assumed  to  occur  after  the  exhaust  nozzle  has  cleared  the 
nuzzle  end  of  the  tube.  The  breech  end  of  the  ^ube  is  assumed  to  be  closed 
(i.e.,  separate  vents  are  not  considered).  The  general  configuration  Is  in- 
dicated in  Figure  (I), 'which  is  based  on  published  information  on  the  Sprint 
interceptor  system.  The  important  physical  characteristics  of  the  assumed 
configuration  which  bear  on  the  Internal  flow  of  the  launch  gas  and  the  re- 
sulting external  blast  field,  and  distinguish  the  subject  problem  from  internal 
ballistics  of  conventional  guns,  ara: 

(a)  The  launch  tube  Is  approximately  the  same  length  as  the  vehicle. 

(b)  The  diameter  of  the  launch  tube  may  be  slightly  larger  than  the 
maximum  diameter  of  the  vehicle. 

The  blast  field  generated  by  this  type  launch  Is  believed  to  occur  in  three 
fairly  distinct  phases  or  steps,  of  increasing  intensity.  The  first  is  a pre- 
cursor phases  s-soclated  u! th  escape  of  the  launch  gas  around  the  vehicle  prior 
to  Its  emergence  from  the  tube.  The  second  phase  is  the  blast  field  produced 
when  the  bulk  of  the  launch  gas  Is  released  as  the  base  of  the  vehicle  (or  the 
point  of  maximum  diameter)  passes  the  open  end  of  the  tube.  The  third,  and 
probably  most  Intense,  phase  occurs  when  the  rocket  motor  \z  ignited  and  thrust 
Is  sustained. 

The  gas  dynamics  of  the  first  two  phases  is  analogous  to  that  of  the  blast 
field  produced  by  conventional  guns  (cf.  References  1 and  2),  although  the  pre- 
cursor phase  In  the  present  case  is  associated  with  gas, leakage  rather  than  ex- 
pulsion of  the  column  of  gas  from  a long  gun  tube.  In  particular,  the  approxlma 
tlon  of  a spherically  symmetric  field  can  be  expected  to  produce  a reasonably 
accurate  rendition  of  the  principal  features  of  the  expanding  shock  layer  be- 
tween the  leading  blast  wave  and  the  Hach  disc  which  terminates  the  exhaust 
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plume.  However,  the  third  phase  In  evolution  of  the  blast  field,  which  Is 
associated  with  rocket  motor  Ignition,  is  dissimilar  from  the  first  two  In 
several  important  respects.  In  addition  to  the  important  differences  in  the 
thermochemical  properties  of  the  rocket  motor  exhaust  gas  compared  to  the 
launch  gas,  the  igni t Ion-generated  blast  field  is  directed  back  toward  the 
launch  tube  and  will  reflect  off  the  ground  plane,  as  in  the  case  of  an  under- 
ground silo  for  example.  In  this  case,  after  the  initial  reflection  off  the 
ground,  the  pressure  field  may  grow  in  a roughly  cylindrical  fashion  and  then 
evolve  into  a hemispherical  field.  Expansion  of  the  cloud  of  rocket  exheust 
gases  will  occur  on  a somewhat  slower  time  scale  than  propagation  of  the  blast 
overpressure,  ar,d  its  behavior  is  much  more  difficult  to  model,  since  it  will 
be  dominated  at  later  times  by  turbulent  motion  and  buoyant  forces.  However, 
at  early  times  it  may  be  possible  to  describe  it  by  an  invfscid  expansion. 

The  effort  to  date  has  addressed  two  facets  of  the  subject  problem,  viz.  de- 
scription of  the  internal  gas  flow  during  the  launch  phase,  and  preliminary 
modelling  of  the  ignition  generated  blast  field  In  the  vicinity  of  a ground 
plane. 
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SECTION  II 

INTERNAL  CAS  FLOW  DURING  LAUNCH 


Production  of  a volume  of  high  pressure  gas  In  the  breech  cavity  at  the  time 
of  launch  Is  assumed  to  be  accompli  shad  Instantaneously  by  Ignition  of  an  ex- 
plosive charge,  bursting  of  a diaphragm,  or  a similar  mechanism.  Thereafter, 
the  volume  of  the  breech  cavity  expands  as  the  vehicle  accelerates  In  accord 
with  the  standard  ballistic  formula: 

du«  Pk  Ak 

" Sl-Jr—  " coMl  (1) 

The  variation  of  pressure  and  temperature  In  the  breech  cavity  could  probably 
be  adequately  described  by  the  classical  Lagranglan  model,  I. a.,  a homogeneous 
Isentroplc  expansion.  If  the  loss  of  gas  around  the  sides  of  the  vehicle  due  to 
highly  Imperfect  obturation  were  negligible.  The  gap  between  the  vehicle  base 
(or  point  of  maximum  diameter)  and  the  tube  walls  forms  a gas-dynamic  throat 
which  controls  the  rate  of  loss  of  gas  from  the  breech  cavity,  but  the  loss  Is 
not  assumed  to  be  negligible.  The  escaping  gas  will  drive  a shock  into  the 
ambient  air  In  the  launch  tube,  which  upon  emergence  from  the  tube  forms  the  pre- 
cursor blast  wave.  In  addition,  under  the  conditions  of  expanding  area  In  the 
launch  tyhe  due  to  a tapered  vehicle  shape  such  as  Indicated  In  Figure  (l),  the 
escaping  gas  will  accelerate  to  supersonic  speed  and  a second  shock  will  form. 
Therefore,  emergence  of  the  escaping  launch  gas  from  the  tube  will  be  preceded 
by  a slug  of  shock-heated  air.  The  launch  gas  will  also  be  shock-heated,  until 
the  second  shock  passes  out  of  the  tube  and  thereafter  It  may  be  expected  to  con- 
tinue exhausting  In  a cool,  supersonic  state.  This  precursor  phase  will  be  ter- 
minated when  the  vehicle  base  or  throat  reaches  the  muzzle  of  the  launch  tube. 

Development  of  a quantitative  model  of  the  Internet  gas  flow  during  the  precursor 
phase  has  proceeding  along  the  lines  described  In  Reference  (3),  viz.  an  unsteady, 
one-dimensional  flow  analysis  with  variable  cross-sectional  area.  However,  the 
formulation  described  In  Reference  (3)  has  been  extended  to  Include  representa- 
tion of  the  geometric  throat  as  an  area  discontinuity.  The  various  possible  Jump 
conditions  pertaining  to  such  an  area  discontinuity  are  discussed  In  Reference  <4) 
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with  respect  to  a stationary  configuration.  In  the  present  case,  however, 
the  location  of  the  area  discontinuity  will  translate  with  the  vehicle  ve- 
locity, Up.  Therefore,  the  jump  conditions  have  been  reformulated  in  a co- 
ordinate system  translating  with  the  vehicle  velocity. 

The  Mach  number-area  relationship  across  the  discontinuity  Is  given  by: 

— ■ — ~ +1  - constant  (2) 

(i  ^ izi  m2)^“TF 

The  compatibility  relations  on  the  upstream  and  downstream  travelling  waves 

are: 


on 


d tn  p , y du 
dt  a dt 


dx 

dt 


u±a 


The  energy  equation  is: 


/3  An  A 3 An  A\ 

(-st—  * u-sr-> 


(3) 


§ - ° 3T  ' “ <« 

Integrated  forms  of  Equations  (3)  and  (4)  together  with  Equation  (2)  and  the 
constraint  that  the  total  pressure  is  invariant  across  the  jump  provide  a com- 
plete system  for  determination  of  the  instantaneous  conditions  on  each  side  of 
the  area  discontinuity,  given  a set  of  Initial  conditions. 

It  should  be  pointed  out  that  only  four  (b)  combinations  of  flow  conditions 
entering  and  exiting  the  area  discontinuity  are  possible: 


(a) 

subsonic  flow  In  - 

subsonic  flow  out 

(b) 

subsonic  flow  in  - 

sonic  flow 

out 

(c) 

supersonic  flow  in- 

sonic  flow 

out 

<d) 

supersonic  flow  In- 

supersonic 
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Thus  a transition  from  supersonic  to  subsonic  flow  entering  the  discontinuity 
can  on l,  ..ccur  through  a shock  wave,  which  must  be  treated  separately.  In 
the  context  of  the  subject  problem,  only  subsonic  flow  entering  the  discon- 
tinuity (from  the  breech  cavity)  is  anticipated. 

Initial  conditions  at  the  start  of  launch  are  estimated  by  employing  a shock- 
tube  type  analysis,  including,  however,  the  area  discontinuity  and  assuming 
sonic  flow  out  of  the  breech  cavity.  Thus,  the  Initial  conditions  Include  a 
leading  shock  moving  downstream  f»om  the  throat,  a contact  surface  separating 
the  launch  gas  from  the  ambient  air  (also  mqvlng  downstream  from  the  throat), 
and  an  expansion  fan  moviny  upstream  into  the  breech  cavity. 

A finite-difference  method,  as  described  in  Reference  (3),  is  used  to  describe 
the  flew  in  the  breech  cavity  and  throughout  the  launch  tube.  The  leading 
shock,  the  contact  surface,  the  throat  (area  discontinuity)  and  the  closed 
(breech)  end  of  the  breech  cavity  form  boundaries  of  three  (3)  domains  which 
are  spanned  by  separate  finite-difference  grid  networks.  Details  of  the  method 
are  discussed  In  Reference  (3),  although  in  the  previous  work  only  two  (2)  do- 
mains were  considered  and  the  area  discontinuity  was  treated  as  a continuous 
variation. 

Two  numerical  examples  have  been  carried  out  for  the  configuration  sketched  in 
Figure  (l).  A vertical  launch  has  been  considered,  using  a gas  compressed  to 
22.3  atmospheres.  This  pressure  level  was  selected  to  give  a lOOg  vehicle  accel- 
eration for  an  assumed  vehicle  weight  of  7500  )b.  The  initial  gas  temperature 
in  the  breech  was  taken  as  5260°R.  In  this  sense  the  conditions  simulate  an  ex- 
plosive charge  of  conventional  gun  propellant;  however  the  gas  Is  assumed  to 
have  the  molecular,  weight  of  air.  A constant  ratio  of  specific  heats,  y « 1.25, 
was  used  for  the  launch  gas,  and  y » 1.40  was  used  for  the  ambient  air  In  the 
tube.  This  calculation  was  terminated  at  an  elapsed  time  of  approximately 
1500  psec,  at  which  time  formation  of  the  salient  gas-dynamic  features  of  the 
flow  field  were  clearly  evident.  The  vehicle  had  acquired  a velocity  of  4.5  fps, 
but  had  barely  moved.  Therefore, a second  hypothetical  example  was  carried  out 
for  a vehicle  weight  of  only  /5  1b.  to  exaggerate  the  effect  of  vehicle  accelera- 
tion (I. a.,  10  g's).  In  this  case  the  vehicle  reaches  velocity  of  300  fps 
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in  1000  psec. 

4 

As  can  be  seen  In  Figure  (2),  the  effect  of  vehicle  motion  on  the  rate  of  prop- 
agation of  the  leading  shock  wave  and  of  the  contact  surface  Is  extremely  slight 
on  the  considered  time  scale  in  these  examples.  Since  the  contact  surface  ve- 
locity represents  the  frontal  velocity  of  the  escaping  launch  gas,  it  Is  evident 
that  the  vehicle  velocity  is  only  of  the  order  of  0.11  of  the  contact  velocity 
in  the  first  example  and  about  1$  in  the  second  and  therefore  negligible  in 
both  cases.  The  effect  of  vehicle  velocity  will  become  appreciable  by  the  time 
the  vehicle  leaves  the  tube  in  the  second  case  (the  75  lb.  vehicle),  but  should 
be  negligible  during  the  entire  launch  In  the  first  case  (the  7500  lb.  vehicle). 

Formation  of  a second  shock  in  the  period  between  200  and  800  psec  is  indicated 
by  the  gas  velocity  distributions  shown  as  a function  of  distance  from  the  ve- 
hicle base  in  Figure  (3).  The  points  labelled  S and  C refer  to  the  positions 
of  the  leading  shock  and  the  contact  surface,  respectively.  The  second  shock 
is  "captured"  numerically  by  the  finite-difference  solution;  Its  position  at 
time  step  300  Is  Indicated  by  the  steep  gradient  between  1.0  < n < 1.1  ft.  A 
comparison  of  the  gas  velocity  distributions  for  the  two  vehicle  weights  Is  shown 
In  Figure  (4).  Since  these  are  shown  as  a function  of  distance  from  the  vehicle 
base,  the  positions  of  the  shocks  and  contacts  are  displaced;  they  are  virtually 
coincident  in  terms  of  actual  position  in  the  tube.  Corresponding  distributions 
of  pressure  and  temperature  are  displayed  in  Figures  (5)  and  (6).  The  presence 
of  shock  heated  air  (T  ^ 1 1 50°R)  driven  ahead  of  the  contact  surface  and  shock 
heated  launch  gas  (T  v 4l60°R)  following  the  contact  Is  evident  in  the  latter 
figure. 


The  first  example ^(the  7500  lb.  vehicle)  was  terminated  at  1460  psec  and  the 
second  example  (the  75  lb.  vehicle)  was  terminated  at  1010  psec,  since  the 
salient  features  of  the  internal  gas  flow  were  evident  by  these  times.  Execu- 
tion times  on  a C0C  7600  computer  system  were  25  seconds  and  11  seconds,  re- 
spectively. The  computation  times  grow  as  the  distance  covered  by  the  leading 
shock  increases,  due  to  a mesh  control  provision  which  maintains  a prescribed 
maximum  grid  size  by  adding  grid  points  as  necessary.  Use  of  a fixed  number  of 
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FIGURE  2.  VELOCITY  OF  LEADING  SHOCK  WAVE  AND  OF  CONTACT  SURFACE  AS  A FUNCTION  OF  TIME 


FIGURE  3.  GAS  VELOCITY  DISTRIBUTIONS  AT  TIME  STEPS  ZOO  AND  300 


1010  iisec 


FIGURE  k.  COMPARISON  OF  GAS  VELOCITY  DISTRIBUTIONS  AT  TIME  - 1010  ysec 


grjd  points  allows  the  permissible  time  step  to  increase  In  proportion  to 
the  increase  in  grid  size  as  the  distance  between  the  bounding  surfaces  of 
discontinuity  grows;  however  the  accompanying  deterioration  in  numerical 
accuracy  has  been  found  to  be  unacceptable.  Therefore,  continuation  of  the 
calculations  for  the  entire  launch  period  is  feasible,  but  the  cost  was  not 

* b 

considered  to  be  warranted  for  the  present  exploratory  3tudy. 


As  Indicated  In  tha  Introductory  remarks,  the  third  phase  In  the  blast  field 
evolution,  namely,  the  Ignition-generated  blast,  Is  probably  the  most  severe 
vis-a-vis  overpressure,  visible  flash  and  smoka,  and  the  most  difficult  to 
model.  In  addition  to  the  obvious  complexity  of  describing  the  thermochemical 
state  of  the  propellant  gases,  the  gas-dynamic  flow  field  Is  highly  three- 
dimensional  and  eventually  dominated  by  buoyant  transport  of  a vortex  ring 
("smoko  ring")  and  turbulent  mixing.  However,  some  Insight  regarding  the 
Initial,  Invlscld  stage  of  development  of  the  ignition  blast  field  has  been 
gained  by  application  of  the  concepts  and  methodology  pertaining  to  more  con- 
ventional muzzle  blast  fields. 


A sketch  of  the  main  features  of  an  Idealized  model  of  the  Ignition-phase 
blast  field  is  shown  In  Figure  (7) • The  tube  exit  Is  assumed  to  be  coincident 
with  the  ground  surface,  the  flight  path  Is  assumed  to  be  vertical,  and  the 
vehicle  velocity  Is  small  compared  to  the  rate  of  propagation  of  the  blast 
wave.  The  effects  of  the  launch  gas  escaping  from  the  tube  are  neglected, 
Including  the  Interaction  between  the  blast  field  associated  therewith  and 
the  presently  considered  ignition  phase  blast  field.  Ignition  Is  assumed  to 
occur  at  a small  distance  above  the  ground  and  produces  a supersonic  plume 
which  expands  radially  outward  along  the  ground.  At  very  early  times  after 
ignition  tho  blast  field  should  possess  cylindrical  symmetry  with  respect  to 
the  flight  axis,  under  the  assumed  conditions,  as  Indicated  on  the  left-hand 
side  of  Figure  (7).  Near  the  ground  plane  the  variations  normal  to  the  ground 
can  be  neglected  as  a first  approximation.  However,  the  blast  wave  will  sub- 
sequently become  spherically  symmetric,  as  indicated  on  the  right-hand  side  of 
this  figure.  Variations  In  flow  properties  normal  to  the  ground  plane  will 
become  more  significant,  but,  again  to  a first  approximation,  spherical  symmetry 
can  be  ascribed  to  the  entire  blast  field.  Obviously  these  arq  idealized  ap- 
proximations which  yield  a tractable  one-d Imens lonal , unsteady  flow  problem, 
whereas  the  actual  blast  field  will  be  two-dimensional  at  best  and  highly 
three-dimensional  if  the  flight  axis  is  not  precisely  vertical. 
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A cyl Indrical ly  symmetric  blast  field  has  been  calculated  for  a rocket  motor 

having  a chamber  pressure  of  35  atmospheres  and  a chamber  temperature  of 

8350°A.  The  propellant  gas  Is  assumed  to  have  y » 1.25  and  C "8580. ft  /sec  /R 

P 

(t.e.,  the  same  molecular  weight  as  air).  The  supersonic  plume  Mach  number  dls 
Cributlon  has  bean  calculated  for  a steady  cyl Indrical ly  symmetric  source  flow. 
The  trajectories  of  the  blast  wave,  contact  surface  and  Mach  disc  are  shown  In 
Figure  (8).  as  functions  of  scaled  distance  and  time.  The  radial  distance  has 
been  scaled  with  respect  to  the  distance  to  the  sonic  line,  r , and  time  with 

it  it  it 

respect  to  the  speed  of  sound  at  the  sonic  line,  a , and  r . The  value  of  a 
Is  4000  fps  In  this  cas^.  To  verify  that  these  are  Indeed  the  appropriate 
scale  factors  and  that  the  procedure  for  establishing  Initial  conditions  for  a 
blast  field  (discussed  In  Reference  5)  is  consistent  with  this  scaling,  cal- 
culations have  been  executed  with  values  of  r which  differ  by  a factor  of  ten. 
However,  as  pointed  out  In  Reference  (1),  this  scaling  will  only  pertain  for 
the  samo  chamber  pressure  and  for  a constant  rate  of  energy  addition,  as 
assumed  In  this  calculation. 
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A comparison  of  tho  trajectories  of  the  blast  wave,  contact  and  Mach  disc  for 
spherically  and  cyl Indrical ly  symmetric  flow  fields  Is  presented  In  Figure  (9). 

A noticeable  decrease  In  the  velocities  of  all  three  surfaces  is  evident  In  the 
spherical  case,  relative  to  the  cylindrical  case,  as  should  be  expected.  Un- 
fortunately no  reliable  estimate  can  be  made  a priori  for  the  transition  of  the 
actual  blast  field  from  a cylindrical-like  flow  to  a spher lcal-1 Ike  flow.  How- 

it  it 

aver,  It  Is  noted  that  at  early  times,  i.e.,  ta  /r  < 4,  there  is  relatively 
little  difference  between  the  two  solutions  and,  therefore.  It  is  likely  that  the 
transition  wi 11  occur  in  this  Initial  period. 

To  illustrate  the  character  of  the  blast  field,  distributions  of  pressure,  tem- 

it  it 

perature  and  gas  velocity  at  ta  /r  - 12  are  shown  in  Figures  (10),  (11)  and  (12). 
It  may  be  noted  that  although  the  blast  wave  produces  the  maximum  overpressure  In 
the  shock  layer  (i.e.,  between  the  Mach  disc  and  blest  wave),  the  temperature 
rise  produced  by  the  blast  wave  is  quite  insignificant  compared  to  that  produced  by 
the  Mach  disc.  The  region  between  the  Mach  disc  and  contact  surface  contains  a 
volume  of  propellant  exhaust  gases  at  temperatures  not  substantially  less  than 
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those  in  the  combustion  chamber.  The  gas  in  this  region  will  initially  be 
cooled  by  expansion  as  the  volume  grows,  but  eventually  turbulent  mixing  will 
predominate.  It  should  also  be  pointed  out  that  the  gas  density  In  this  re- 
gion is  less  than  1/5  of  atmospheric  density  at  3 milliseconds,  and  although 
It  will  Increase  as  the  gas  cools,  buoyant  forces  may  be  expected  to  increas- 
ingly contribute  the  motion  of  this  volume  of  gas  as  the  inertial  forces  decay. 
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SECTION  IV 
CONCLUSIONS 
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Th*  Ignition  phase  blast  field  assoc  la  ad  with  launch  of  a rocket  from  a tube 
occurs  In  three  steps:  a precursor  phase,  a launch  phase  and  an  Ignition 
phase.  The  precursor  phase  represents  the  loss  of  high  pressure  gas  used  for 
the  launch  due  to  imperfect  seal  between  the  rocket  and  the  tube  walls.  The 
launch  phase  corresponds  to  release  of  the  launch  gas  as  the  rocket  clears  the 
tube  exit.  The  Ignition  phase  occurs  upon  Ignition  of  the  rocket  motor  out- 
side the  tube.  The  present  study  has  addressed  two  facets  of  the  subject  prob- 
lem. The  first  Is  description  of  the  Internal  gas  flow  during  launch  with  a 
view  toward  exposition  of  the  salient  features  of  the  gas  dynamic  processes 
affecting  the  precursor  and  launch  phases  of  the  blast  field.  The  second  is 
description  of  the  ignition  phase  blast  field,  per  se. 

Two  numerical  examples  have  been  carried  out  for  launch  of  a Sprint-type  ve- 
hicle. In  the  first  case  conditions  were  selected  which  produce  a lOOg  ini- 
tial acceleration  of  the  vehicle.  The  main  features  of  the  flow  field  are 
established  within  the  first  1500  usee.  Since  the  vehicle  velocity  is  neg- 
ligible In  this  case,  a second  case  having  a hundred-fold  decrease  in  vehicle 
weight  to  produce  a 10  g acceleration  was  considered.  The  vehicle  velocity 
was  again  found  to  have  negligible  effect  on  development  of  the  flow  field 
structure,  although  some  quantitative  influence  could  be  expected  by  the  time 
the  vehicle  cleared  the  tube  exit  in  this  case.  Particular  attention  is  called 
to  the  shock  which  forms  within  the  escaping  launch  gas,  as  well  as  that  driven 
ahead  of  the  gas  in  the  ambient  air.  The  shock-heated  air  will  be  driven  out 
of  the  tube  first,  followed  by  escaping  shock-heated  launch  gas.  The  gas 
following  the  second  shock  should  exhaust  as  a cool,  supersonic  stream,  until 
the  vehicle  base  ejears  the  tube  exit  and  the  bulk  of  the  launch  gas  is  re- 
leased. 


I 


The  ignition  phase  blast  field  has  been  described  In  terms  of  cyl indrtcal ly 
symmetric  and  spherically  symmetric  one-dimens  Iona  I approximations.  A compari- 
son of  the  rates  of  propagation  of  the  blast  wave,  contact  surface  and  Mach  disc 


associated  with  cylindrical  and.  spherical  fields  has  been  presented.  It  Is 
suggested  that  the  transition  of  the  actual  blast  field  from  a cylindrical-like 
flow  to  a spherlcal-l ike  flow  should  occur  at  a non-dimensional  time  of 
ta*/r*  < 4.  Calculated  distributions  of  flow  properties  In  the  spherical  blast 
field  at  ta*/r*  » 12  indicate  that  the  region  between  the  contact  surface  (l.e., 
the  front  of  the  propellant  exhaust  gases)  and  the  Mach  disc  contains  gases  at 
temperatures  not  substantially  below  the  combustion  chamber  temperature.  This 
region  will  (nitally  cool  as  the  volume  expands  but  turbulent  mixing  will  eventu- 
ally predominate.  It  Is  also  pointed  out  that  buoyant  forces  will  Increasingly 
contribute  to  the  motion  of  this  volume  of  exhaust  gas  as  the  inertial  forces 
decay.  Therefore*  a more  complete  model  of  the  ignition  phase  blast  field 
should  be  at  least  two-dimensional  (If  not  three-dimensional)  and  Include  re- 
presentation of  the  effects  of  turbulent  mixing  and  buoyant  transport  of  the 
exhaust  gases  at  late  times. 
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